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Abstract 
This paper explains the experimental study on beams confined in compression zone with different shapes of extra confining 
reinforcement. The types of extra confining reinforcement considered are hoop reinforcement and cross ties. Three half-scale 
beam specimens (including the specimen with no extra confining reinforcement in the compression zone) have been tested under 
increasingly monotonic loading. The test results show that the presence of extra confinement in compression zone of beam 
section increase the ductility of the beam. However, no substantial increase are observed in the strength capacity of the beam 
specimens with extra confinement. In addition, more significant increase in ductility is obtained in the beam specimen with extra 
hoop in the compression zone than that with extra cross ties. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
Ductility is one important aspects in the design of structural elements besides strength and stiffness. Under 
earthquake load, structural elements with more ductile behavior will be able to absorb and dissipate more energy 
than those elements with less ductile or brittle behavior [1]. Referring to previous studies on confinement in 
compression zone [2, 3, 4, 5, 6], this study will investigate the effect of extra confinement in the beams’ 
compression zone along plastic hinge area on ductility and strength capacity of the beams. This paper is the first part 
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of the overall study on beams’ confinement and focuses on the test results of beam specimens subjected to 
increasingly monotonic loading. 
This study is very important because the compression zone of beams’ section along the plastic hinge region is 
relatively small compared to the area of the entire section of the beam. This makes the compression zone prone to 
crushing, especially when receiving large moment during strong earthquake. The small area of the compression zone 
on the beams is usually due to the implementation of under-reinforced design concept, causing the neutral axis of 
the beams’ section shifts to the outer compression fiber [6]. This condition is not favorable for the effective 
development of plastic hinges in the beams. Therefore, this study attempts to evaluate the effectiveness of adding 
extra confinement in a compression zone of beams’ section in increasing the ability of the beams to develop 
significant plastic rotation although concrete cover has spalled off. 
2. Test program 
Three half-scale beam specimens that illustrate the simplification of plastic hinge region at the end of beam  will 
be tested. For the three specimens were made the same as length and dimensional beams’ section, that 4.00 m for 
length of  beam and  3.60 m for the distance between support. The dimension of beams are 150 mm x 300 mm. At 
midspan of beam given enlargement dimension which is regarded as a column with a size of 250 mm x 400 mm and 
400 mm of length. Specimens model created a simplified end regions of beam at beam-column joint that receives a 
negative moment with reviews the plastic hinge region of beam. By loading centered on midspan is intended to get 
the largest areas of moments and shear in plastic hinges regions. The support of joint-rollers are made as high beam 
axis with a distance of 200 mm from the edge of the beam each end. These three specimens will be tested by 
increasingly monotonic loading which is a representative of the gravity load received by the structure. Specimen 
made in three types, namely beam with no extra confining reinforcement in the compression zone, beam with hoop 
extra confining reinforcement and beam with cross ties extra confining reinforcement in compression zone. This 
specimen will be tested and evaluated the effect of extra confinement in the beams’ compression zone in ductility 
and strength capacity. All of specimen is designed based on the procedure of calculation of concrete structures for 
buildings in Indonesia, SNI 2847-2013 [7]. 
2.1. Description of test specimens 
All specimens in this study use the deformed bars, only longitudinal bar for the confinement binder which is not a 
major reinforcement uses plain bar with diameter of 6 mm. Two characteristics of the specimen are varied as 
follows: a) The type of extra confining reinforcement in compression zone, i.e. beam with no extra confining 
reinforcement, beam with hoop extra confining reinforcement, and beam with cross ties extra confining 
reinforcement; b) the type of loading on specimens that is monotonic loading and quasi static reversals loading 
(cyclic). Specimens were labelled with three letters which abbreviation for the type of specimen. The first letter B 
which is a notation specimen beam, the second letter is N / C / K which N- indicating for no extra confining 
reinforcement beam in compressive zone, C- indicating for beam with hoop extra confining reinforcement, and K- 
indicating for beam with cross ties extra confining reinforcement. The third letter is M / S, which M- indicating 
beam with monotonic loading, and S- indicating to beam with cyclic loading. Because in this paper only convey 
monotonic test results, thus the label of specimens are made BNM, BCM, as well as BKM.  The beams’ section and 
part of which considered as the column is the same dimension that each 150 mm x300 mm and 250 mm x 400 mm. 
Details specimen follow the rules in  SNI 2847-2013 [7]. 
2.2. Reinforcement details 
The reinforcement details on BNM, BCM and BKM shown in Figure 1. On the specimens with increasingly 
monotonic loading installed by deformed longitudinal reinforcement 2D22 for tensile reinforcement and 2D10 to 
compressive reinforcement. The deformed longitudinal reinforcement is made continuously until the end of the 
beam and bent 90o plus 12݀௕ extension at the free end of bar. As for the part that is considered as a column in the 
middle of the beam span, were installed D16 as primary reinforcement which amounts to 14 bars. 
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The transverse reinforcement on all specimens installed stirrup with D10 both on the beam or column. Stirrup 
distance in the beam is taken by considering the needs SRPMK element where the first stirrup installed at the 
distance of 50 mm from the face of column. At the distance of ʹ݄  from the face of column must meet the 
requirements that stirrup distance should not exceed d/4, 8݀௕  smallest flexural reinforcement, 24݀௕  transverse 
reinforcement and not exceed 300 mm. With consideration and calculation of the need for the capacity of shear, on 
the third specimens installed transverse reinforcement with spacing of 70 mm, while columns installed spaced 50 
mm with the consideration that the parts of column more powerful from the beam (strong column weak beam). In 
around the support given reinforcement ribs in order to avoid the occurrence of shear failure of the reinforcing steel 
rods. 
2.3. Material properties 
The deformed bar (BJTD) used in beams and columns as longitudinal reinforcement was characterized by a yield 
strength ( ௬݂) each of which is 476 MPa for D22, 402 MPa for D16 and 444 MPa for D10. As for plain round bar 
(BJTP) binder confinement by yield strength ( ௬݂) = 430 MPa. For transverse reinforcement also used the deformed 
stirrup D10 with yield strength ௬݂௧ is 444 MPa. 
 The compressive strength of concrete cylinder corresponding to the time when the specimens were tested was 
32.37 MPa for all specimens. This compressive strength ( ௖݂
ᇱ) was obtained by averaging the compressive strength of 
the cylindrical samples with diameter of 15 mm and height 30 mm.   
 
 
 
Fig 1. Reinforcement detail of specimens (a) BNM,(b) BCM dan (c) BKM 
(b) 
(a) 
(c) 
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2.4 Test setup 
Figure 2 shows the test setup of specimens, where the specimens were tested in frame that robust at strong floor. 
The specimen BNM, BCM, and BKM given increasingly monotonic loading by loadcell and hydraulic actuator, 
which had a capacity of 50 tons is installed at midspan of the beam. Tests carried out in two stages that is load 
control and displacement control. Load control with intervals of 0.2 tons until around 75% of peak load theoretical 
calculations and will be continued with the displacement control to achieve ultimate condition.  
In order to improve the accuracy of test results, instruments such as strain gauges and Linear Displacement 
Transducers (LVDT) were installed on all specimen during the test setup. The behavior of reinforcement and 
compression side of concrete beam is monitored by installing strain gauges. Strain gauges at longitudinal 
reinforcement and at the confinement reinforcement in plastic hinge region of beam installed on the bars prior to 
casting concrete. While strain gauges on the concrete surface installed on a concrete area near the column just 
before the testing carried out. 
 Figure 3 shows the arrangement strain gauges at reinforcement and the concrete. Transducer (LVDT) to 
measure the horizontal deformation placed on the top and bottom ends of the beam at face of column ( ଺ܶ until ଽܶ), 
while to measure the bending deformation is placed in the middle of the span ( ଵܶ). LVDT also installed in the area 
near support ( ଶܶ until ହܶ) to determine the rotation angle of the beam as a result of a given load. All transducer 
installed on the specimens with the help of magnetic base is placed on frame. 
    
  Fig 2. Test setup 
 
Fig 3. Typical strain gauges locations of specimens 
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3. Experimental  results 
The following section describes the test results of study is conducted on three specimens. The value of the yield 
strength and ultimate strength as well as displacement and drift ratio of all specimens showing at table and figure to 
make it easier to understand. For the determination of yield strength values (ࡽ࢟) and yield of displacement (ࢾ࢟) 
follow a standard code ACI 374.2R-13[8] as shown in Figure 4. While the ultimate of displacement (ࢾ࢛ሻ is the 
largest displacement value during the loading on each specimen. 
 
Fig  4. Determination of yield values ܳ௬and ߜ௬[8] 
The test results of the three specimens were obtained from measurements of the LVDT is installed a midspan of 
beam obtained relationship of curve force (ܳ) with displacement (ߜ) and moment (ܯሻ  with drift ratio (ܦݎ) as 
shown in Figure 5 and Table 1. At Figure 5 appears that BCM and BKM which extra confinement in compression 
zone of beam  have a drift ratio and displacement of greater consequence than the BNM is a beam with no 
confining reinforcement in compression zone. 
 
 
Figure 5. Relationship curve of (a) Q - δ - ܦ௥ 
 
Table 1. Measurement result  of monotonic loading 
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From the graph and table above shows that the yield strength of the three specimens have near-equal value 
ranges from 107 to 110 kN. Also seen that the yielding conditions of BNM has a higher value both in terms of yield 
strength (ܳ௬), yield of displacement (ߜ௬), and drift ratio (ܦ௥௬) it compared BCM and BKM. While between BCM 
and BKM appears that the yielding conditions of BKM has a value slightly higher than the BCM in ܳ௬ , ߜ௬, and also 
ܦ௬  values. But at the ultimate condition, BCM has the highest value among the three specimens both in terms of 
ultimate strength (ܳ௨), ultimate displacement (ߜ௨) and ultimate drift ratio (ܦ௥௨). For the ultimate strength, BKM has 
the lowest value of the three specimens, even the value is lower than the yielding, which is 92.9 kN. Although the 
ultimate strength decreased, BKM has a larger displacement than BNM  that is 140.67 mm with a drift ratio of 
7.82%, while BNM having only 95.16 mm in the drift ratio of 5.29%. For the ultimate strength, BNM also 
decreased compared the yielding is becoming 110.3 kN to 107 kN. From curve also can be determined an effective 
elastic stiffness (ܭ௘) which is the ratio of yield strength and yield displacement or comparation strength multiplied 
by a coefficient α with elastic displacement, which for bending elements taken α of 0.75 .  Besides (ܭ௘) can be 
determined also ductility (ߤሻ of the specimen after ߜ௬ and ߜ௨ found.  
From Table 1  shows that the value ܭ௘  to BNM, BCM, or BKM respectively is 4.49; 5.62; and 5.56. Thus an 
increase in the effective elastic stiffness ranges from 23-25% in specimens with extra confinement in compression 
zone than specimen with no extra confinement in compression zone. As for the value ductility (ߤ) for specimen 
BNM, BKM BCM respectively  3.88; 9.04; and 7.20 which means an increase ranging from 85 to 133% in 
specimens with exstra confinement in compression zone than specimen with no extra confinement in compression 
zone. 
For a moment-curvature on plastic hinge region of beam, the Transducer (LVDT) data installed horizontally on 
the beam end face of the column (Figure 2) used. LVDT placed at the top and bottom of the beam to within ݖ each 
other. The moment of plastic hinge searched by ܯ ൌ ܲȀʹ כ ܮ௔, where ܮ௔ is the distance between support with the 
face of the column. Curvature sought by the data on the top horizontal LVDT ሺ߂௖ሻ and bottom ሺ߂௦ሻ  which is 
divided by the length early to get a strain value ߝ௖and ߝ௦. Then from the strain distribution above and below the 
rotation curvature can be searched, ɔൌ ሺߝ௖ ൅ ߝ௦ሻȀݖ . To obtain the curvature ductility ߤఝ ,  the curvature that occurs 
߮௨value divided by the value of the yield ߮௬curvature. Figure 6 and Table 2 shown moment-curvature plot on 
specimens BNM, BCM and  BKM. 
 
Fig.6 Relationship curve of moment-curvature on plastic hinge region of beam 
 
Table 2. Measurement curvature and moment maximum 
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From Figure 6 and Table 2 shows that the yield curvature to the specimen BNM and BCM have a value 
approximately that 0.242 x 10-3 and 0.244 x10-3, being BKM has a higher yield curvature of 0.313 x10-3. At the 
ultimate conditions, BNM curvature lowest value that is equal to 3,348x10-3. So the curvature ductility of BNM is 
13.815. BCM has the largest curvature ductility among the three specimens, which 20.188 or increased 46.133% 
compared to BNM, while the BKM has a curvature ductility at 15.096 which means 9.279% higher than the BNM. 
For moment capacity, the specimen with extra confinement in compression zone experienced a slight increase 
compared to the specimen with no extra confinement in compression zone which ranges from 2 to nearly 9%. 
 
4. Closing remark 
Based on the results of the three specimens tested under increasingly monotonic loading, it can be concluded that 
the presence of extra confinement in the compressive zone of beam section increase the ductility of the beam. 
However, no subtantial increase in strength capacity is observed in the specimens with the extra confinement. For 
specimens with extra confinement, more significant results in terms of ductility increase is obtained in the specimen 
with extra rectangular hoop reinforcement in the compression zone than that with extra cross-ties. This shows that 
the rectangular hoop reinforcement is more effective in confining the compression zone of beam section than the 
cross-ties.  
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